Materials and Methods
We performed measurements with a cylindrical PMMA phantom irradiated with therapeutic carbon ion beams with energies between 226 and 273 MeV/u (FWHM 4-20 mm). The experimental setup is shown in Figure 1 . The phantom size and the beam energies are typical for treatments of human brain tumors. To register the secondary ions and to measure the yield we used the Timepix detector [2] . The detector is capable of measuring either the arrival time or the energy deposition of particles in the 300 µm thick silicon sensor. Diffusion processes during charge collection lead to the formation of signal clusters. A typical frame measured with the detector is shown in Figure 2 . 
Beam monitoring method
To measure the directions of the secondary ions emerging from the phantom we used several parallel Timepix detectors (3D voxel detector [3] ) with synchronized readout measuring the time of particle impact. The hits of a single particle in all layers were correlated using the measured time information. The registered particle tracks were back-projected in the vertical plane of the beam ( Figure 3 , upper panel). To monitor the beam properties inside the phantom, we analyzed this back-projection ( Figure  3 , lower panel). The position of the distal edge (defined by 50 % of maximum) of this distribution shows a clear correlation with the initial beam energy in the investigated energy range between 250 and 273 MeV/u (Figure 4 ). We will show in the presentation that vertical and horizontal shifts of the beam position by 1 mm, as well as differences in the beam width of less than 2 mm can be detected using this method for a homogeneous phantom. Figure  3 ). The analysis of the uncertainties is in progress.
Yield measurements
To estimate the clinical feasibility of this monitoring method, we measured the distribution of secondary ions for angles from the beam axis between 0 and 90°. The distribution was corrected for the dead time and geometrical acceptance of the detector. The obtained distribution normalized to the number of primary carbon ions is shown in Figure 5 , the initial beam energy was 226 MeV/u. Typical particle numbers for irradiation spots in the distal edge of a tumor of several 10 5 carbon ions would yield 10 4 to 10 5 secondary ions per spot in the forward hemisphere. 
